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8QIRUWXQDWHO\WKHPHFKDQLFDOSURSHUWLHVRIELPURFNVDUHYHU\GLIILFXOWWREHGHWHUPLQHGE\ODERUDWRU\VWDQGDUG
WHVWVPRVWO\EHFDXVHLWLVSUREOHPDWLFWRREWDLQXQGLVWXUEHGFRUHRIUHSUHVHQWDWLYHGLPHQVLRQV>@7KHGLPHQVLRQ
RI WKH HPEHGGHG URFN EORFNV PDNHV LQGHHG WKHLU 5HSUHVHQWDWLYH (OHPHQW 9ROXPH 5(9 PXFK ODUJHU WKDQ WKH
VSHFLPHQGLPHQVLRQWKDWFDQEHWHVWHGLQODERUDWRU\6HYHUDOVWXGLHVDUHDYDLODEOHLQOLWHUDWXUHRQWKLVWRSLFEDVHGRQ
ODERUDWRU\WHVWVLQVLWXUHDOVFDOHVXUYH\VDQGQXPHULFDOPRGHOOLQJ>@EXWDFOHDUGHILQLWLRQRIWKHWHVWLQJ
SURFHGXUHLVQRWDYDLODEOH\HW([SHULPHQWDOHYLGHQFHVDJUHHWKDWWKHIDLOXUHPHFKDQLFVDQGWKHUHVLVWDQFHRIELPURFNV
DUHPDLQO\FRQWUROOHGE\WKHILQHJUDLQHGPDWUL[DQGE\LWVHYHQWXDODOWHUDWLRQSDUWLFXODUO\IROORZLQJUDLQHYHQWV
7KLVVWXG\LVFDUULHGRXWLQ0RPEDVLJOLR3LHGPRQW,WDO\RYHUDVRFDOOHG³QDWXUDOEULGJH´VWDQGLQJDERYHWKH
0RQJLDVWUHDP7KLVVWUHDPLVDVPDOOWULEXWDU\RIWKH7DQDUR5LYHULQWKHKLJKHVWSDUWRILWVK\GURJUDSKLFEDVLQLQ
VRXWKHUQ3LHGPRQW(17KHQDWXUDOEULGJH)LJLVDQRXWVWDQGLQJJHRORJLFDOVWUXFWXUHDERXWP
ORQJZLWKDQDYHUDJHZLGWKRIP7KHWRSRIWKHEULGJHVWDQGVDWPIURPWKHERWWRPVWUHDPZLWKDQDUFKWLFNQHVV
RIDURXQGP,W LV WKHUHIRUHRQHRIWKHELJJHVWH[DPSOHRIWKLVNLQGLQ(XURSHIRUPHGDIWHU WKRXVDQG\HDUVRI
HURVLRQ DW LWV EDVDO SRUWLRQ 7KH FRQVWLWXWLQJ OLWKRW\SH LV D UHG SRO\JHQLF FRQJORPHUDWH ZLWK FDUERQDWLF FHPHQW
EHORQJLQJ WR WKH³)RUPD]LRQHGL0RODUH´2OLJRFHQH7KLVFRQJORPHUDWLF IRUPDWLRQ LVSDUWLFXODUO\GLIILFXOW WREH
FKDUDFWHUL]HG GXH WR LWV KHWHURJHQHLW\ LW LV QRW UDUH WR ILQG OHQV RI FRDUVH JUH\ VDQGVWRQHV ZLWKLQ WKH IRUPDWLRQ
HYLGHQFHRIWKLVDOWHUQDWLRQFDQEHLQGHHGREVHUYHGLQWKHULJKWDEXWPHQW7KHLQWHUQDOOLWKRORJLFDOFRQWUDVWVRIWKH
IRUPDWLRQDOORZHGDGLIIHUHQWLDOHURVLRQRIWKHORZHUSDUWRIWKHVWUDWLJUDSKLFVHTXHQFHSUHVHUYLQJWKHPRUHFRPSHWHQW
XSSHUSDUW7KLVZDVPRVWSUREDEO\UHODWHGWRWKHIRUPDWLRQRIDPHDQGHUZLWKLQWKH0RQJLD6WUHDP>@ODWHUFXW
DOORZLQJIRUWKHIRUPDWLRQRIWKHEULGJH
$EXQGDQWUDLQIDOOVLQWKHSHULRG0DUFK$SULOFDXVHGDODQGVOLGHRQWKHOHIWXSVWUHDPVLGHRIWKHEULGJHDWWKH
MXQFWLRQZLWKWKHSURYLQFLDOURDGDQGIRUPHGDORZFRQVLVWHQF\]RQHZLWKPDWHULDOVLQNLQJLQWKHULYHUEHORZ$IWHU
WKLVHYHQWWKHEULGJHZDVFORVHGDQGFRQFHUQVUDLVHGZLWKUHVSHFWWRLWVRYHUDOOVWDELOLW\$PXOWLGLVFLSOLQDU\VWXG\ZDV
WKHUHIRUH FRPPLVVLRQHG E\ WKH 0RPEDVLJOLR PXQLFLSDOLW\ WR FKDUDFWHUL]H WKH EULGJH IURP JHRORJLFDO
JHRPRUSKRORJLFDO DQG JHRWHFKQLFDO SRLQW RI YLHZ 7KH SUHVHQW SDSHU PDLQO\ GHVFULEHV WKH JHRWHFKQLFDO
SKRWRJUDPPHWULF DQDO\VLV RI WKH EULGJH DQG WKH JHRSK\VLFDO LQYHVWLJDWLRQV FDUULHG RXW RQ VLWH LQ RUGHU WR DVVHVV
HOHFWULFDO UHVLVWLYLW\ DQG FRPSUHVVLRQDO ZDYH YHORFLW\ ILHOGV )XUWKHU ODERUDWRU\ WHVWV XOWUDVRQLF SXOVH YHORFLW\
HOHFWULFDOUHVLVWLYLW\8&6GHWHUPLQDWLRQDUHXQGHUGHYHORSPHQWIRUDFURVVYDOLGDWLRQRIWKHUHVXOWVDWGLIIHUHQWVFDOHV
([SHULPHQWDO0HWKRG
 3KRWRJUDPPHWULFUHFRQVWUXFWLRQ
$SKRWRJUDPPHWULFVXUYH\KDVEHHQSHUIRUPHGRQERWKVLGHVRIWKHQDWXUDOEULGJH,WFRQVLVWHGLQWKHDFTXLVLWLRQ
RIWZRVHWVRILPDJHVFRYHULQJDVPXFKDVSRVVLEOHWKHDUFKVXUIDFHVFRQVLGHULQJFRQVWUDLQWVGXHWRWKHSUHVHQFHRI
ZDWHUDQGYHJHWDWLRQ6LQFHWKHDLPRIWKHVXUYH\ZDVWRFUHDWHDWRWDO'60'LJLWDO6XUIDFH0RGHORIWKHYLVLEOH
VXUIDFHRIWKHDUFKLQWKHHDVLHVWSRVVLEOHZD\DQGLQDORFDOUHIHUHQFHV\VWHPZHPDWHULDOL]HGDV\VWHPVXLWDEOHIRU
XQLI\LQJWKHPRGHOVREWDLQHGIURPWKHWZRVLGHV%DVLFDOO\ZHSODFHGWZROHYHOVWDIIVVRWKDWWKH\ZHUHYLVLEOHIURP
ERWKVLGHVRIWKHDUFKE\PHDQVRIWKHFRGH$JLVRIW3KRWRVFDQZHFROOLPDWHGRQERWKVHWVRILPDJHVDWOHDVWZHOO
UHFRJQL]DEOHSRLQWVWZRIRUHDFKOHYHOVWDII7KHYHUWLFDOD[LVZDVPDGHFRLQFLGHQWZLWKWKHOHYHOVWDIIDQGWKHRULJLQ
ZDVIL[HGDWWKHEDVHRILWWKHPRGHOZDVVFDOHGE\DVVLJQLQJDNQRZQGLVWDQFHWKDWLVWKHOHQJWKRIDUHGSDUWRIWKH
OHYHOVWDIIZKLFKLVHTXDOWRFP7KHUHODWLYHFRRUGLQDWHVRIWKHFROOLPDWHGSRLQWVZHUHSURSHUO\DVVLJQHGHJWKH
GLDPHWHURIWKHOHYHOVWDIIZDVWDNHQLQWRDFFRXQWLQRUGHUWRPDNHWKHUHIHUHQFHV\VWHPRIWKHWZRVHWVRILPDJHV
FRLQFLGH%\SURFHVVLQJWKHWZRGLVWLQFWVHWVRILPDJHVRQHIRUHDFKVLGHE\PHDQVRIWKHFRGH$JLVRIW3KRWRVFDQ
WZRFRORUHGGLJLWDOPRGHOVZHUHREWDLQHG6LQFHWKHLUUHIHUHQFHV\VWHPZDVLGHQWLFDOWKHRSHUDWLRQWRPHUJHWKHP
ZDVEDQDO7KHWRWDOPRGHOZDVWKHQPDQXDOO\FOHDQHGLQRUGHUWRGHOHWHYHJHWDWLRQDQGVFDWWHUHGSRLQWV7KHILQDO
PRGHOLVFRPSRVHGE\DERXW¶SRLQWVZLWKDUHVROXWLRQRIDERXWSRLQWHYHU\FP,Q)LJXUHD9LHZRI
6LGHRIWKHWRWDOPRGHODIWHUGHOHWLQJYHJHWDWLRQDQGVFDWWHUHGSRLQWVLVUHSRUWHG7KLVPRGHOKDVEHHQDGRSWHGIRU
WKHILQDOUHQGHULQJRIJHRSK\VLFDOUHVXOWVDQGWKHGHYHORSPHQWRIWKHEULGJHVWDELOLW\DQDO\VLV

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
)LJ9LHZRIWKHQDWXUDOEULGJHZLWKGHWDLOVRQWKHWZROHYHOVWDIIVYLVLEOHIURPERWKVLGHVXVHGIRUWKHFRQVWUXFWLRQDQGVFDOLQJRIWKHJOREDO
'60


)LJ9LHZRI6LGHRIWKHWRWDOPRGHODIWHUGHOHWLQJYHJHWDWLRQDQGVFDWWHUHGSRLQWV
 3KRWRJUDSKLFDQDO\VLV
7KHURFNVWUXFWXUHRIWKHQDWXUDOEULGJHKDVEHHQLQYHVWLJDWHGE\DSKRWRJUDPPHWULFSURFHGXUHWKRXJKWWKHVRIWZDUH
6SOLW'HVNWRS7KHODWWHULVDEOHWRUHSURGXFHWKHJUDLQVL]HGLVWULEXWLRQVWDUWLQJIURPDVLPSOHSLFWXUHRIWKHGHSRVLWV
6LQFHWKLVVRIWZDUHZDVGHYHORSHGIRUURFNGHEULVDQDO\VHVLWLVQRWDXWRPDWLFDOO\VXLWDEOHIRUWKHJUDLQVL]HDQDO\VLV
RIFODVWVHPEHGGHGLQDILQHPDWUL[DQGUHTXLUHGWKHUHIRUHFRQVLGHUDEOHDGGLWLRQDOPDQXDOSURFHVVLQJRIWKHLPDJHV
6HYHUDOSLFWXUHVZHUHDQDO\]HGDWGLIIHUHQWVFDOHVIURPWKHZKROHEULGJHVFDOHWRWKHODERUDWRU\VSHFLPHQVFDOH
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)LJ3LFWXUHVRIWKHURFNVDQDO\VHGZLWKLPDJHDQDO\VLV'HWDLODQG6DPSOHLQWKHIROORZLQJILJXUH
,QDILUVWSKDVHWKHVRIWZDUHSHUIRUPVDXWRPDWLFGHOLQHDWLRQRIWKHJUDLQERXQGDULHVZKLFKKRZHYHUDVPHQWLRQHG
HDUOLHULVRSWLPL]HGIRUWKHDQDO\VLVRIIUDJPHQWVDQGIRUWKLVZRUNLQJFRQWH[WLPSOLHGDPDVVLYHSURFHVVRIPDQXDO
FRUUHFWLRQ,QRUGHUWRREWDLQUHOLDEOHLQIRUPDWLRQRQO\JUDLQVLGHQWLILDEOHE\WKHDXWRPDWLFGHOLQHDWLRQODUJHUWKDQD
IHZPPIRUWKHVHLPDJHVKDYHEHHQFRQVLGHUHGDQGFRQVHTXHQWO\WKHUHVXOWVREWDLQHGDUHUHODWHGRQO\WRWKHSRUWLRQV
RIURFNJUHDWHUWKDQDIHZPLOOLPHWHUVGLVUHJDUGLQJWKHILQHPDWUL[JUDLQVL]HGLVWULEXWLRQ7KHREWDLQHGUHVXOWVDUH
VXPPDUL]HGLQ)LJXUHZKHUHLWFDQREVHUYHWKDWWKHJUDLQVL]HGLVWULEXWLRQRIWKHURFNLVVWURQJO\GHSHQGHQWRQWKH
DQDO\]HGVDPSOHVL]HDQGWKDWWKHFXUYHVSURJUHVVLYHO\VKLIWWRZDUGVULJKWIRULQFUHDVLQJURFNSRUWLRQV7KHDYHUDJH
JUDLQVL]HUDLVHVZLWKLQFUHDVLQJFRQVLGHUHGURFNSRUWLRQVIURPDERXWFPDWWKHODERUDWRU\VFDOHWRFPDWWKHEULGJH
VFDOH+RZHYHUDOOWKHFXUYHVWHQGWRZDUGVDVWDELOHGLVWULEXWLRQDWWKHGLPHQVLRQVRIWKHVRFDOOHG'HWDLODERXW
PLQGLFDWLQJWKDWWKLVFDQEHFRQVLGHUHGWKH5HSUHVHQWDWLYH(OHPHQW9ROXPHRIWKLVNLQGRIURFNV7KHVHUHVXOWV
DOVRLQGLFDWHWKDWWKHVDPSOHVL]HVZKLFKFRXOGEHWHVWHGDWWKHODERUDWRU\VFDOHHJWKURXJK8&6GHWHUPLQDWLRQDUH
VWDWLVWLFDOO\QRQUHSUHVHQWDWLYHDQGQRQGHVWUXFWLYHJHRSK\VLFDOWHVWVRQODUJHUURFNSRUWLRQVKDYHEHHQFRQVHTXHQWLDOO\
SUHIHUUHG


)LJ*UDLQVL]HGLVWULEXWLRQFXUYHVIRUGLIIHUHQWFRQVLGHUHGVFDOHVRIWKHURFNPDVV
*HRSK\VLFDOVXUYH\V
&RPELQLQJHOHFWULFDQGVHLVPLFGDWDLVDXVHIXODSSURDFKIRUDQRQGHVWUXFWLYHDVVHVVPHQWRIPDWHULDOXQGHUVWXG\
7KHFRPSOHPHQWDULW\EHWZHHQHOHFWULFDQGVHLVPLFPHWKRGVLVLQGHHGIDYRUDEOHZLWKUHVSHFWWRERWKWKHDQDO\VLVRI
ZDWHUFRQWHQWDQGRIPDWHULDOUHVLVWDQFH(OHFWULFDOUHVLVWLYLW\LVLQGHHGYHU\VHQVLWLYHWRIOXLGSKDVHVZKLOHVHLVPLF
ZDYHYHORFLW\LVPRUHVHQVLWLYHWRWKHPHFKDQLFDOSURSHUWLHVRIWKHVRLOVNHOHWRQ/LWHUDWXUHH[DPSOHVRIWKHFRPELQHG
DSSOLFDWLRQRIWKHVHWZRPHWKRGRORJLHVDUHUHSRUWHGLQVHYHUDOSDSHUVHJ>@VRPHWLPHVDOVRZLWKWKHXVHRI
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MRLQWLQYHUVLRQDSSURDFKHVHJ>@3DUWLFXODUO\WKHXVHRIERWKPHWKRGRORJLHVWRJHWKHUHQDEOHGXVWRKDYHD
ILUVWSUHODPLQDUXQGHUVWDQGLQJRIWKHUHDVRQVIRUSRWHQWLDOLQVWDELOLWLHV
2ZLQJ WR WKH OLPLWHGDYDLODEOHVSDFHSDUDOOHO OLQHVRIHOHFWURGHVZHUHDGRSWHGZLWKDQDYHUDJHHOHFWURGH
VSDFLQJRIP%RWK'LSROH'LSROHDQG:HQQHU6FKOXPEHUJHUDUUD\VZHUHDFTXLUHG%RWKVLQJOHFDEOHDQGFURVV
FDEOH DFTXLVLWLRQV ZHUH SHUIRUPHG LQ RUGHU WR PD[LPL]H ODWHUDO FRYHUDJH DQG GHSWK RI LQYHVWLJDWLRQ $SSDUHQW
UHVLVWLYLW\GDWDIURPERWKDFTXLVLWLRQVZHUHDQDO\]HGWRJHWKHU7KHPD[LPXPH[SHFWHGGHSWKRIWKHLQYHVWLJDWLRQLV
DERXWPZKLFKLVFRKHUHQWZLWKWKHWKLFNQHVVRIWKHDUFKFURZQ'DWDLQYHUVLRQLQ'ZDVSHUIRUPHGZLWK(57/DE
VRIWZDUH 5HIUDFWLRQ VHLVPLF DFTXLVLWLRQV ZHUH FDUULHG RXW ZLWK D JHRSKRQH DUUD\ DQDORJRXV WR WKH HOHFWURGH
GLVSRVLWLRQ6HYHUDO VKRWSRVLWLRQVZHUHDGRSWHGDQGVHLVPLF3ZDYHVZHUHUHJLVWHUHGE\PHDQVRI+]
JHRSKRQHVDWPVSDFLQJZLWKDUHFRUGLQJWLPHRIPVDQGDVDPSOHLQWHUYDORIV0DQXDOILUVWEUHDN
SLFNLQJ RI DOO WKH VKRWV ZDV SHUIRUPHGZLWK RQSXUSRVHGHYHORSHG0DWODE URXWLQHV 7KHVH GDWD ZHUH LQYHUWHG LQ
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